pathogenesis, diagnosis, and treatment modalities for NSTI. Although the presentation of the disease has not changed significantly, increased awareness, early diagnosis of the condition, and prompt surgical intervention with broad-spectrum antibiotics have shown improving trends in the outcome.
Some identified poor prognostic factors include increasing age, number of organ failures at the time of admission, delay in presentation and treatment, diabetes mellitus, immunocompromised status as in associated malignancy, alcoholism, etc. HIV infection is a well-known predisposing factor; however, its role as poor prognostic factor has not yet been delineated.
Acute Physiology Health and Chronic Health Evaluation (APACHE) II score is well known scoring system for predicting severity of disease and the risk regarding mortality. It is based on modifiable factors such as clinical and biochemical parameters, nonmodifiable factors such as age.
This study was conducted to study the clinical presentation, treatment outcomes, factors affecting morbidity and mortality, and role of APACHE II score in predicting morbidity and mortality in patient with NSTI in a tertiary care hospital of India. A descriptive analysis of a cohort of 50 patients of NSTI was carried out. The various factors were statistically analyzed, and their individual and combined utility in prediction of mortality were studied. The APACHE II score was calculated for all the patients based on physiological and biochemical parameters at the time of admission, and its role in the prediction of outcome was evaluated.
Methodology

Patient recruitment
This randomized, prospective comparative study was carried out at a tertiary referral center of North-West India. Prior approval was obtained from the Institutional Review Board and Institutional Ethics Committee. All patients between the age of 15 and 90 years presenting at the outpatient department between November 1, 2014, and December 31, 2016, with NSTIs irrespective of the etiology were included in the study and were entered into a prospectively maintained database. Patients outside the age group, those with a history of previous surgical intervention for NSTI elsewhere and seeking further management at our hospital or patients admitted for other indications and who developed NSTI during the course of their treatment were excluded from the study. The prospective database was extracted onto a Microsoft Excel spreadsheet (Microsoft Corporation, Redmond, WA) and patients were deidentified and assigned a unique identification number. Using a random number generator, 50 random patients from the pooled data were selected who formed the study cohort [ Figure 1 ].
Informed consent (written and verbal) was obtained from each patient for inclusion into the study. Patients were made aware through the information sheets and preliminary interviews that the choice to consent or otherwise would have no bearing on the treatment offered. The patients were subjected to a detailed evaluation by the first author.
Diagnosis
NSTI was suspected when patient had rapidly spreading infections of subcutaneous tissue and fascia with variable involvement of overlying skin and underlying muscle. The diagnosis was confirmed in the presence of fever, soft-tissue involvement with significant pain (out of proportion to skin findings), signs of toxicity, crepitus, and rapid progression of clinical manifestations along with positive pus cultures and characteristic findings on soft-tissue X-rays. The diagnosis was further established at the time of surgical exploration.
Data collection
A standardized form was used for data collection [Appendix 1]. Patient evaluation included demographic data, detailed history, general and systemic examinations followed by laboratory evaluation. Routine blood and urine examinations were done along with radiographic screening of the chest and X-ray of the affected limb. APACHE II score was calculated on the basis of the clinical parameters [Appendix 2].
Patient management
Patients were managed according to the standard hospital protocols. Patients were resuscitated and stabilized followed by prompt surgical debridement and complete clearance of the necrotic tissue. Repeat assessments of the wound were done at 24 and 48 h with repeat debridement, if necessary. At the time of admission and during debridement, wound swabs were sent for culture and sensitivity testing. Patients were initially started on empirical broad-spectrum antibiotic therapy which was modified according to the sensitivity report and patients' renal status.
Following debridement, all patients received daily dressings with povidone iodine, sodium hypochlorite solutions (Dakins solution), hydrogen peroxide, and natural unprocessed 
Statistical analysis
Patients were divided into two groups on the basis of survival during the hospital stay. Group 1 included patients who survived, while Group 2 included patients who expired while undergoing treatment. Patient inclusion flowchart is shown in Figure 1 . Author conducting statistical analysis was blinded of the identity of the included patients. All statistical analyses were done using Statistical Package for Social Sciences (SPSS), version 22.0 (IBM Corporation, Armonk, NY, USA). The normalcy of continuous data was checked using Kolmogorov-Smirnov test. Continuous variables are reported as mean with standard deviation. Qualitative or categorical variables were described as frequencies and proportions (%). Unpaired t-test was used to compare means between study groups. Chi-Square or Fisher's Exact test was used to compare categorical variables. All statistical tests were two sided and were performed at a significance level of α = 0.05 with 95% confidence interval.
Results
Patient presentation
A total of 50 patients were included in the study according to the study protocol. The mean age of the included cohort was 50.8 ± 17.1 years (range 16 years to 89 years). Majority of the patients belonged to the age group of 51-60 years (26%) and 31-40 years (22%) [ Figure 2 ]. Most patients were males (n = 44, 88%).
Fournier's gangrene contributed to the majority of the cases (64%), followed by lower limb (14%) and gluteal region (8%) [ Table 1 ]. An identifiable cause was found in 72% patients. Infections were leading cause seen in 17 (34%) patients. These included cutaneous, urogenital as well as perianal infections. Trauma (16%) and prior surgery (14%) were other common causes. Body surface area (BSA) involvement was calculated using Lund and Browder burn area chart. Two-third patients (n = 33, 66%) had ≤10% surface area involvement.
Laboratory parameters
Mean hemoglobin level was 10.2 ± 2.5 g/dL with 23 (46%) patients diagnosed with anemia (defined as hemoglobin < 10 g/dL) at presentation. Mean white blood cell (WBC) count was 16,494 ± 8037 cells/mm 3 . Mean serum total protein and serum albumin levels were 4.9 ± 1.1 g/dL and 2.4 ± 0.8 g/dL, respectively. Acidosis on arterial blood analysis (pH < 7.3) was present in 16 (32%) patients.
Perioperative outcome
A total of 83 debridements were required on 50 study patients during their hospital stay (mean-1.66). Nutritional supplementation in the form of total parenteral nutrition or intravenous albumin was required in 9 (18%) patients. Reconstructive surgical procedures were required in 17 (34%) patients and included skin grafting in 10 (20%), secondary suturing in 5 (10%), and testicular repositioning and below knee amputation each in 1 (2%) patient [ Figure 3 ]. There was total of 16 in-hospital mortalities (32%). 
Comparison between Group-1 (survivors) and Group-2 (nonsurvivors)
The two groups did not differ with respect to mean age and sex distribution [ Table 2 ]. Most of the survivors had involvement of <10% of BSA, while the percentage of BSA involved in most of the nonsurvivors was between 11 and 20 (P = 0.014). Mean percentage BSA involvement was significantly higher in patients who did not survive (P = 0.001). Only 35% patients in Group-1 were anemic at presentation as compared to 69% anemic patients in Group-2 (P = 0.023). Mean hemoglobin level was significantly lower in Group-2 patients (9.0 vs. 10.7, P = 0.023) [ Table 3 ]. There was a significantly higher incidence of metabolic acidosis at presentation in nonsurvivors (62.5%) as compared to survivors (2.9%) (P < 0.0001) with lower mean pH in nonsurvivor group. In addition, serum creatinine was significantly higher while serum albumin and urine output were lower in nonsurvivor group. The two groups did not differ significantly with respect to total WBC count at presentation, random blood glucose, total serum protein levels, SGOT, SGPT, serum alkaline phosphatase, and INR. There was no significant difference between groups with respect to mean time between onset of symptoms and admission, mean time between admission to first debridement, and mean hospital stay (mean time between admission and discharge or death). However, APACHE II score was significantly higher in patients who could not survive the disease (P < 0.001). dIscussIon NSTI s, popularly known as "flesh-eating disease" not only endanger life of the patients but also lead to long-term morbidity and disability. Not only does it impact a patient's life physically but also psychologically and socioeconomically as well. Although comparatively rare in developed countries, its incidence in countries like India is high due to the presence of other diseases such as HIV, diabetes mellitus, and alcoholism providing a fertile ground for this life-threatening infection.
Streptococcus is the most common causative organism. [16] Most cases of NSTI caused by Group A Streptococcus are M protein types 1, 3, 12, or 28 and produce exotoxin A or B. The M protein impedes phagocytosis and along with the exotoxins, acts as super-antigens, which leads to secretion of cytokines and toxic shock-like syndrome. Staphylococcus aureus, Streptococcus pyogenes, and enterococci are the common Gram-positive aerobes known to cause NSTI. Escherichia coli is the most common Gram-negative enteric organism. Bacteroides species and peptostreptococcus are the most common anaerobes. [4] [5] [6] NSTI initially induce localized inflammatory changes in the involved tissues. As the infection progresses, tissue necrosis occurs as a result of direct cell injury from bacterial toxins, significant inflammatory edema within a closed tissue compartment, thrombosis of blood vessels, and tissue ischemia. Ischemia, edema, and inflammation in a closed area lead to decreased oxygen tension promoting growth of obligate anaerobes such as Bacteroides fragilis and anaerobic metabolism in facultative aerobic organisms such as E. coli. Ischemic necrosis of the skin progresses into gangrene of the subcutaneous fat and dermis characterized by the formation of bullae, vesicles, and occasional ulceration. Bacterial metabolism produces hydrogen and nitrogen gas molecules which accumulate in subcutaneous space giving rise to classical crepitus on clinical examination. A common example, Fournier's gangrene, is a localized form of NSTI involving the scrotum. It is broadly categorized into three groups depending on the source of infection-colorectal, cutaneous, and urogenital. The infection spreads along dartos fascia, tunica of scrotum and penis, Colles' fascia of the perineum, and may even invade as high as axilla. The glans penis, corpora spongiosa, and cavernosa, testes are usually preserved due to independent blood supply from the aorta. Testicular involvement, if reported, usually indicates a retroperitoneal or an intra-abdominal source of infection.
NSTI is associated with a wide range of mortality rates (6% to 76%). [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The paucity of definite clinical features leading to low diagnostic accuracy and the polymicrobial nature of infection with rapid progression to fulminant sepsis are the leading causes of high-mortality rate. However, high index of suspicion, wider range of antibiotics, newer methods of dressing and wound care, and better intensive care facilities have all contributed to a decrease in mortality rate to 25% to 35% as reported in latest literatures. [15] Although the basics of management of NSTI are well defined, the survival of patients depends on factors outside treatment. [13, 14] The current study analyzes the presenting factors and associated conditions which indicate a graver prognosis.
The mean age of presentation in current study was 50.8 years.
Highest proportion of patients belonged to the 51-60 years age group followed closely by age group of 31-40 years. Age at presentation is an important criterion affecting the outcome of patients. Older patients have lesser ability to tolerate the stress caused by the generalized sepsis on the hemodynamics. The higher mortality in older age group can be explained by a decrease in immunity to fight illness, presence of comorbid conditions such as diabetes mellitus, IHD risk imposed by surgery and anesthesia and the response to treatment. The mean age was comparable to previous studies. [3, 6, [17] [18] [19] [20] The current study included 88% male patients. The high proportion of male patients can be attributed to the high incidence of Fournier's gangrene (64%) in this study with scrotum affected in all individuals. Lower limb (14%), gluteal region (8%), and abdominal wall (6%) were other common regions affected. Although NSTI of abdomen and perineum have received much attention because of the mortality rates as high as 76%, [19] involvement of extremities has been reported in approximately half of the studies. [21, 22] NSTI that involve the vulva and perineum in women are seen to have a graver prognosis when compared with the involvement of other anatomical sites. [10, 23] An identifiable cause was found in 72% patients in the study. Infections were the leading cause, as seen in 34% patients. These included cutaneous, urogenital as well as perianal infections. Other causes included trauma (16%) and previous surgical procedure (14%) while no cause could be identified in 28% (labeled as idiopathic). Trauma was found to be the most common etiology in nongenital NSTI. McHenry et al., [3] in their series of 65 patients found postoperative infections to be the most common cause, while other reports have identified trauma to be the leading cause. [19, 24] Interestingly, most such reports come from western populations. The particular etiology was not demonstrated to have a significant impact on outcome by McHenry et al. [3] Because of the limited experience for most clinicians, a high index of suspicion must be maintained to facilitate early diagnosis. Immunocompromised patients can pose a diagnostic challenge in this regard, as they may not manifest symptoms the same or as severely as do the immune-competent patients. In our study, two patients in were immunocompromised survivor group due to underlying AIDS, while none of the nonsurvivors had immunocompromised status. However, despite weakened immunity, both patients had routine clinical course with APACHE II scores of 12 and 8, respectively, and hospital stay of 6 and 4 days, respectively.
Several investigators have described the use of objective laboratory parameters for diagnosing NSTI and for predicting patient outcome. Chan et al. [25] were the first to demonstrate that the WBC count and serum sodium level were useful parameters in the diagnosis of NSTI using CART analysis. In another retrospective study, Wong and Wang [18] developed the Laboratory Risk Indicator for Necrotizing fasciitis scale using WBC, hemoglobin, sodium, glucose, serum creatinine, and C-reactive protein level using a multivariate regression model. In 1995, Laor et al. [6] developed an objective severity score named "Fournier gangrene severity index" using nine parameters (similar to APACHE II Score) to predict the severity of Fournier gangrene and probability of patient mortality, although there have been some conflicting reports about the efficacy of this scoring system. [8, 26] Yaşar et al. compared the predictive accuracy of various scoring systems. [27] The predictive scores were found to be more strongly associated with nonsurvivors than survivors, with APACHE II and SAPS II found to be relatively superior in predicting mortality. This was further reflected in our study with survivors having significantly higher mean APACHE II scores. Independent predictors have been described by authors to help identify patients with poorer prognosis and who would benefit from a more aggressive treatment approach. The presence of Clostridial infection has been found to be associated with poor outcome. [14] The most common isolated bacteria in our study was E. coli followed by Klebsiella [ Table 4 ]. Our study highlights the difference in microbial flora in patients from the eastern and western hemisphere.
Fifteen (30%) patients had uncontrolled diabetes mellitus. Mean random blood glucose for the study cohort was 193.26 mg/dl. Hyperglycemia induced by NSTI in an otherwise controlled diabetic patient is not always fatal; however, the presence of uncontrolled diabetes with ketoacidosis is associated with fatal prognosis. It requires prompt treatment with insulin along with debridement for removal of septic focus.
Serum creatinine is a measure of RFTs and plays an important role due to the septic status of the patient at admission. These patients usually present with dehydration and anemia. Adequate hydration with monitoring of the urine output forms an important part of preoperative hemodynamic stabilization of the patient. The mean creatinine of the patients in our study was 0.6 mg/dL with maximum patients having values in the normal range of 1-2 mg/dL.
Even with optimal treatment, NSTIs portend significant morbidity and have mortality rates of 25%-35% in recent series. [15] Many studies have sought to determine the factors affecting mortality and morbidity in NSTI and patient-related factors have been found to be as important as early management in predicting survival. [13, 14] We studied APACHE II score, which predict acute physiology health and chronic health status, to predict the outcome for the patients with this disease.
Yilmazlar et al. found that the APACHE II score of 13 or more correlated well with mortality. [13] Overall mortality rate in the study was 49%. In the present study, mean APACHE II score in survivors was 10.9 whereas in nonsurvivors, it was 22.1. All patients in nonsurvivor group had APACHE II score of 16 or more whereas only 3 patients among survivors had a score of 16 or more. Overall mortality rate was 32%. Shock (hypotension), diabetes mellitus, total WBC count, serum SGPT levels, serum creatinine, INR, and percentage of body area involved showed significant correlation with mortality. Anaya et al. in their study found a significant correlation of mortality with serum creatinine, TLC count, and heart disease. [14] One of the weaknesses of the study was its small sample size. However, the study cohort was chosen randomly to avoid any selection bias. In addition, the two groups differed in the number of patients. However, since the sample cohort was chosen randomly, the two groups were considered representative of the overall patient population. Further, the study only assesses the in-hospital mortality. The lack of long-term follow-up is an inherent weakness of the study design. A multiphase study with larger sample size and a long-term follow-up is desirable to get better insight into the outcomes following NSTIs. In addition, the study was conducted in the western part of India and thus the results may not be representative of patients from other parts of the world. The strength of the study stems from the random nature of the patient selection from a prospectively collected pool of patients.
conclusIons
APACHE II score forms a simple and powerful tool as significant predictor of morbidity and mortality. Early diagnosis and prompt aggressive debridement, broad-spectrum antibiotics with supportive care remains a time-tested treatment of choice and is the only way to improve outcome. Further studies with larger sample size are warranted.
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